Background: The benefits of hip arthroscopic surgery in the setting of femoroacetabular impingement (FAI) have been well established; however, some patients may experience a greater degree of improvement than others. Identifying positive and negative predictors of outcomes would assist the orthopaedic surgeon's management algorithm for patients with FAI.
categorized as follows: 0-6 indicated very low quality, 7-10 indicated low quality, 11-15 indicated fair quality, 16-20 indicated good quality, and 21 indicated high quality.
Statistical Analysis and Assessment of Agreement
To assess interreviewer agreement, the kappa (k) statistic was calculated for the title, abstract, and full-text screening stages. Agreement was categorized a priori as follows: k/intraclass correlation coefficient (ICC) of 0.60, substantial agreement; k/ICC of 0.21-0.59, moderate agreement; and k/ICC of 0.20, slight agreement. 33 Given the nonuniform nature of the studies included in this systematic review in terms of techniques and outcome reporting, the results are presented in narrative summary fashion. Definitions of positive and negative outcomes were derived from the identified studies in this review. Descriptive statistics including means, proportions, standard deviations and 95% confidence intervals were calculated using Minitab statistical software (version 17; Minitab).
RESULTS

Search Strategy
The initial search of the online databases resulted in 3026 total studies. A systematic screening and assessment of eligibility identified 39 full-text articles that satisfied the inclusion and exclusion criteria ( 
Study Quality
The 39 included studies (Table 1 ) comprised 19 case series (level of evidence 4), 9 case-control studies (level 4), 3 prognostic studies (level 2), and 8 prospective cohort studies (level 2). The 28 noncomparative studies had a mean MIN-ORS score of 13 of 16 (range, [9] [10] [11] [12] [13] [14] [15] , which corresponds to high quality of evidence. Also, 52% of studies did not report a blinded assessment of outcomes, and 3 studies had a loss to follow-up of >5%. All noncomparative studies included a clearly stated aim, included all patients fit for inclusion, prospectively collected data according to a protocol, and selected endpoints appropriate to the study. The 11 comparative studies had a mean MINORS score of 16 of 24 (range, [12] [13] [14] [15] [16] [17] [18] [19] [20] , indicating good quality of evidence. In 2 studies, the control group did not have baseline equivalence.
Study Characteristics
Study investigators performed arthroscopic procedures in patients with FAI, including labral repair (82.9% of studies), labral debridement (75.6%), femoroplasty (75.0%), acetabuloplasty (51.0%), capsular plication (9.7%), microfracture (51.2%), removal of loose bodies (7.3%), and ligamentum teres debridement (14.6%). Twenty-seven studies provided a definition for negative outcomes. Outcomes after hip arthroscopic surgery were deemed negative if subsequent revision arthroscopic surgery, THA, or another operative procedure was required (50% of studies); hip pain and functional scores failed to meet the MCID or SCB (31%); patients could not return to work or sport (10%); there was a failure in the reduction of the alpha angle (3%); there was no postoperative functional improvement (3%); or if a patient's death was reported (3%).
Sixteen studies provided a definition for positive outcomes. Of these 16 studies, 7 reported an improvement in postoperative scores meeting the MCID or SCB (Table 2 ). In the remaining studies, hip arthroscopic surgery outcomes were deemed positive if hip pain and functional scores improved and there was no conversion to THA or hip resurfacing procedure during the study period. Overall, hip arthroscopic surgery had positive outcomes in 1245 of 1723 hips (72.2%) in the population of studies that specified an MCID or SCB in their definitions of positive outcomes. Hip arthroscopic surgery had negative outcomes in 873 of 3968 hips (22.0%) in the population of studies that provided a definition of negative outcomes and reported these rates. The mean follow-up time for the 11 identified comparative studies was 22.4 months (range, 10-34 months). The remaining 28 noncomparative studies had a mean followup time of 40.8 months (range, 6-120 months). The key findings for each study reviewed are reported in Appendix  Table A2 .
Clinical and Demographic Predictors of Positive Outcomes
Eleven studies examined clinical and demographic predictors of positive outcomes after hip arthroscopic surgery ( Table 2 ). The most frequently reported demographic variables for positive outcomes were age, sex, and preoperative patient-reported outcomes. Three studies reported significant associations between undergoing surgery at a younger age and positive outcomes. Cvetanovich et al 11 found that younger age was associated with increased positive outcomes after arthroscopic surgery compared with older age (28.8 ± 11.1 vs 36.7 ± 11.7 years, respectively; P < .001). Two other studies used age in a regression model as continuous variables and found significant associations between younger age and positive outcomes; however, no binary cutoff was identified (Table 3) . 24, 47 Studies reported a significant association between sex and positive outcomes after hip arthroscopic surgery (Table  3) . Frank et al 18 found that male patients older than 45 years scored significantly higher than female patients older than 45 years on the Hip Outcome Score (HOS)-SportsSpecific Subscale (SSS) (P ¼ .024) and modified Harris Hip Score (mHHS) (P ¼ .042). Malviya et al 40 reported that male sex was a significant predictor for improvement after hip arthroscopic surgery (P < .001). Increases in preoperative patient-reported outcomes (>60 on the HOS-Activities of Daily Living [ADL]) were associated with patients having positive outcomes. Gupta et al 24 24 found that increased preoperative flexion was a significant predictor for decreased postoperative conversion to THA or a hip resurfacing procedure. They reported a mean preoperative flexion of 118. 36 (range, 12 -160 ) in their study population, with 9.1% of patients having negative outcomes (Table 3) .
Clinical and Demographic Predictors of Negative Outcomes
Twenty-six studies examined clinical and demographic predictors for negative outcomes in hip arthroscopic surgery ( Table 2 ). The most frequently reported demographic variables for negative outcomes in the included studies were age and sex. Older age was identified as a significant predictor for negative outcomes after hip arthroscopic surgery (Table 4) . 9, 10, 18, 24, 42, 45, 52 Frank et al 18 similarly identified age and sex as predictors for negative outcomes. Female and male patients >45 years old scored significantly worse 
Conversion to THA, revision hip arthroscopic surgery during study period, NAHS <10 Patients who achieved the MCID and PASS for the HOS-SSS and HOS-ADL were younger than those who did not (28.8 ± 11.1 vs 36.7 ± 11.7 years, respectively; P < .001).
11
Age at surgery (RR, 0.95 [95% CI, 0.93-0.98]; P < .001) was associated with a decrease in revision failure rates. 24 Younger age (OR, 0.89 [95% CI, 0.87-0.92]) was predictive of the SCB for the HOS-ADL. 47 Male sex Male patients >45 years of age scored significantly better than female patients >45 years of age on the HOS-SSS (P ¼ .024) and mHHS (P ¼ .042).
18
The mean quality-of-life score for men was significantly better than for women at 1 year (0.982 [95% CI, 0. Patients who achieved the MCID and PASS for the HOS-SSS and HOS-ADL were more likely to have Tönnis grade 0 than grade 1 (52.3% vs 25.7%, respectively; P ¼ .004).
11
The postoperative WOMAC score for Tönnis grade 0 was 87.5 ± 26 and for Tönnis grade 1 was 73.7 ± 18 (P < .001). 20 Postoperative satisfaction for Tönnis grade 0 was 81% and for Tönnis grade 1 was 61% (P ¼ .041).
20
(continued) The repair group performed better than the debridement group by 6.99 points on the mHHS (95% CI, 0.27-13.73; P ¼ .042). 58 Anterior rim resection Patients who received anterior rim resection for pincer FAI showed less improvement on the NAHS compared with those who did not receive rim resection (16.1 vs 23.9, respectively; P ¼ .01). 50 
Clinical and Demographic Predictors
Increased age Patients >55.5 years old had a poor postoperative NAHS score of <55 (P < .001). 9 Age of 45 years at the time of arthroscopic surgery was a significant risk factor to evolve to THA (P ¼ .005).
10
Female patients >45 years old scored significantly worse compared with female patients <30 years old on the HOS-ADL (P < .0001), HOS-SSS (P < .0001), and mHHS (P < .0001) and female patients 30 to 45 years of age on the HOS-ADL (P < .0001), HOS-SSS (P < .0001), and mHHS (P ¼ .003).
18
Male patients >45 years of age scored significantly worse compared with male patients <30 years of age on the HOS-ADL (P ¼ .007), HOS-SSS (P < .0001), and mHHS (P ¼ .011) and male patients 30 to 45 years of age on the HOS-ADL (P ¼ .021), HOS-SSS (P ¼ .005), and mHHS (P ¼ .018).
Patients >45 years of age scored significantly worse on the HOS-ADL, HOS-SSS, and mHHS compared with patients <30 years of age (P < .0001 for all) and patients 30 to 45 years of age (P ¼ .001 for HOS-ADL and P < .0001 for both HOS-SSS and mHHS). 18 An increase in age at surgery (RR, 1.09 [95% CI, 1.063-1.116]; P < .001) was associated with an increased failure rate. 24 The mean age was higher in patients undergoing THA than those not undergoing THA (53 vs 35 years, respectively; P < .001) (HR, 3.06 [95% CI, 1.69-5.56]; P < .001). 42 Older age (25-39 and 40 years) groups had poorer outcomes than the youngest group (<25 years) (RR, >1.0; P < .01 for most PROMs). 45 Older patients were more likely to undergo THA than younger patients (58 vs 39 years, respectively; P ¼ .001).
52
(continued)
The Orthopaedic Journal of Sports Medicine Predictors of Outcomes After Hip Arthroscopic Surgery for FAI 11 All patients requiring revision were female. 53 Female patients were less likely to return to active duty (OR, 0.44 [95% CI, 0.38-0.52]; P < .0001). 64 Symptom duration before surgery
The optimal cutoff value of "pain duration before surgery" as a predictor of failure was 9.5 months. Beck grades 2 to 4 had poorer HAGOS, NRS, and EQ-5D scores than Beck grades 0 to 1.
45
ICRS grades 2 to 4 had poorer HAGOS scores than ICRS grades 0 to 1.
There was a higher proportion of grade 4 chondral defects in the conversion to THA group versus the no THA group (54% vs 20%, respectively; P ¼ .03).
50
Cartilage changes were associated with THA (P ¼ .001). Patients with poor cartilage had lower mHHS scores than those with mild and moderate degeneration (62 vs 79 and 87, respectively; P ¼ .011).
52
Decreased joint space Patients with a joint space of 2 mm as compared with >2 mm were more likely to require THA after index arthroscopic surgery (75% vs 15.9%, respectively; P ¼ .001). 27 There was a 33% failure rate with mild-moderate preoperative joint space narrowing (<50% joint space narrowing or >2-mm joint space) and an 82% failure rate with advanced preoperative joint space narrowing (>50% joint space narrowing or 2-mm joint space) at last follow-up (P < .001). 35 Increased radiographic joint space narrowing preoperatively predicted a lower HHS score (effect, 17. 
A joint space of <2 mm independently predicted postoperative mHHS scores. 52 Increased Tönnis grade In patients with radiographic preoperative Tönnis grades 0 and 1, the risk was 0% (95% CI 0%-12.77%). In patients with preoperative Tönnis grades 2 and 3, the risk was 46.67% (95% CI, 21.27%-73.41%). A statistical significance was found between both groups (P ¼ .003). 10 The factor that significantly predicted dissatisfaction in the midterm was preoperative Tönnis grade 1 (P < .001).
21
The procedure survival rate after a mean of 55 months was 97.1% (95% CI, 91.6%-100.0%) in the Tönnis grade 0 group versus 66.7% (95% CI, 44.9%-88.4%) in the Tönnis grade 1 group (P ¼ .002). 21 The Tönnis grade 1 group had a lower midterm WOMAC score (77 ± 18 [range, 47-100]) compared with the Tönnis grade 0 group (88 ± 14 [range, 39-100]) (P ¼ .03).
A higher preoperative Tönnis grade increased the risk for subsequent THA significantly (P ¼ .03).
28
was associated with an increased need for revision after hip arthroscopic surgery (RR, 2.86 [95% CI, 1.43-5.73]; P < .002). Overall, studies consistently identified the older female patient (>45 years) as the demographic at an increased risk for negative outcomes after hip arthroscopic surgery for FAI. Four identified studies concurred that a longer duration of symptoms preoperatively (ranging from 8 months to 4 years) was a predictor for negative outcomes after hip arthroscopic surgery. 9, 35, 57, 66 Menge et al 43 found that football linemen were less likely to return to sport compared with other position players (OR, 5.6 [95% CI, 1.1-35.0]; P ¼ .04). Two studies reported that an elevated BMI increased the risk of negative outcomes. 46, 66 More specifically, Nabavi et al 46 reported a mean BMI of 29 kg/m 2 in their identified poor outcomes group. In addition, Weber et al 66 reported that contact athletes had a lower postoperative HOS-ADL score than noncontact athletes (83.0 ± 22.8 vs 92.4 ± 8.7, respectively; P ¼ .038). Saltzman et al 56 found that underweight patients (BMI <18.5 kg/m 2 ) had decreased improvement compared with patients with a normal BMI. Nabavi et al 46 also assessed workers' compensation status and reported that it increased the likelihood of negative outcomes (OR, 3.84 [95% CI, 0.13-0.51]; P < .0001). Finally, Thomas et al 64 reported that patients with Axis I psychiatric disorders were associated with negative outcomes. These findings are summarized in Table 4 .
Radiographic Predictors of Positive Outcomes
Eight studies examined radiographic predictors of positive outcomes after hip arthroscopic surgery (see Table 2 ). Four studies reported Tönnis grade 0 as a significant predictor for positive outcomes. 11, 20, 21, 65 Cvetanovich et al 11 found that patients who were preoperatively determined to be Tönnis grade 0 achieved the MCID for the HOS-ADL (OR, 2.49 [95% CI, 1.13-5.44]; P ¼ .022) and the patient acceptable symptom state (PASS) for the HOS-SSS (OR, 2.72 [95% CI, 1.22-6.33]; P ¼ .014) relative to patients with Tön-nis grade 1. In patients not requiring revision arthroplasty in the study by Gicquel et al, 21 the only factors associated significantly with the midterm Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score were preoperative Tönnis grade (P ¼ .047) and midterm Tönnis grade (P ¼ .03).
Gupta et al 24 investigated the center-edge angle as a predictor for positive outcomes and found that increases in the sagittal center-edge angle (SCEA) and lateral center-edge angle (LCEA) were associated with decreased negative outcomes. These authors reported a mean SCEA and LCEA of 58. An increased joint space was identified as a significant predictor for positive outcomes in 2 studies (Table 3) . 11, 24 Gupta et al 24 reported a mean central joint space of 3.46 mm (range, 1.3-6.7 mm), and Cvetanovich et al 11 reported a mean medial joint space of 4.1 ± 0.8 mm. No specific cutoffs for positive outcomes were reported. Overall, preoperatively determined Tönnis grade 0 with decreased chondral defects and an increased center-edge angle were associated with improved outcomes after arthroscopic surgery for FAI. 
Radiographic Predictors of Negative Outcomes
Eighteen studies examined radiographic predictors of negative outcomes after hip arthroscopic surgery (see Table 2 ). The preoperatively determined Tönnis grade was reported in 8 studies. Numerous studies reported that a higher preoperatively determined Tönnis grade (1) led to more negative outcomes after hip arthroscopic surgery (Table 4) . 10, 21, 28, 51, 65 The LCEA was also predictive of negative outcomes after hip arthroscopic surgery in 2 studies (Table 4) Two studies investigated the Kellgren-Lawrence (K-L) grade and reported that a higher K-L grade (3) was significantly associated with negative outcomes after hip arthroscopic surgery (Table 4) . 27, 51 Furthermore, a lower preoperatively determined joint space (2 mm) was associated with negative outcomes after arthroscopic surgery (Table 4) . 27, 35, 42, 51, 52 Fabricant et al 17 found that femoral retroversion (<5 ) predicted negative outcomes. Finally, increased chondral defects were associated with negative outcomes (Table 4) . 35, 45, 50, 52 The constellation of degenerative changes and decreased joint space (2 mm) strongly predicted negative outcomes after arthroscopic surgery for FAI.
Other Operative Predictors of Positive Outcomes
Preoperative bupivacaine intra-articular hip injections tended to predict patients' having positive outcomes after arthroscopic surgery for FAI (see Table 3 ).
1, 31 Thomas et al 64 found that hip arthroscopic surgery performed by surgeons with sports fellowship training had a higher rate of return to active duty than patients treated by arthroplasty fellows (47% vs 32%, respectively; P < .0001).
Other Operative Predictors of Negative Outcomes
Acetabular microfracture was predictive of the progression to revision or THA in 3 studies. 24, 42, 52 Labral debridement was associated with poorer postoperative patient-reported outcomes. Schilders , chondral defects, higher K-L grade (3), and decreased joint space (2 mm) were common radiographic predictors of negative outcomes. Other identified operative predictors of positive outcomes were pain relief from preoperative intra-articular hip injections. Other operative predictors of negative outcomes were labral debridement compared with labral repair. Finally, the studies that reported an MCID or SCB in their definitions for positive outcomes found that relief from preoperative intra-articular hip injections, lower BMI (<24.5 kg/m 2 ), younger age, Tönnis grade 0, and increased joint space predicted positive outcomes.
The predictors of positive and negative outcomes identified in our review are supported by existing literature on outcomes after hip arthroscopic surgery. Both male and female sex has been associated with positive outcomes after hip arthroscopic surgery. 12, 44, 55 However, female sex as an identifiable factor appears to be clearer as a negative predictor. Although there is no clear consensus, the role of soft tissue laxity in female patients, possibly leading to negative outcomes, could be postulated. This is a potential area for further investigation in future studies. Surgeons performing arthroscopic surgery in patients with FAI who are older than 45 years should proceed with caution, as this demographic was more likely to have negative outcomes regardless of sex. 15, 43 Furthermore, in the setting of FAI, female and overweight patients (BMI >24.5 kg/m 2 ) with a prolonged duration of preoperative pain may be prone to negative outcomes after arthroscopic surgery. Specifically, athletes with a longer preoperative withdrawal time (>8 months) from sports, and also football linemen in general, could be more prone to negative outcomes. 46, 66 Osteoarthritic changes and pre-existing cartilage damage have been thought to be factors associated with negative outcomes after hip arthroscopic surgery. 8, 12, 28, 44 The current study similarly identified osteoarthritic changes, as seen on preoperative imaging, as significant predictors of negative outcomes. Specifically, a decreased joint space (2 mm); the presence of cysts, osteophytes, and sclerosis as evidenced by an increased Tönnis grade (1); and K-L grade (3) predicted negative outcomes. As such, surgeons should counsel their patients on the potential negative impact that pre-existing degenerative changes can have on outcomes after arthroscopic surgery for FAI. Although no specific cutoff was identified, the overall mean follow-up time for the studies that identified degenerative changes was 48 months. Therefore, caution is warranted, as it is likely that the survivorship of the hip decreases in this cohort of patients.
Typically, acetabuli with an LCEA >39 to 40 and concomitant protrusion are classified as pincer-type FAI.
14,36,63 A higher preoperative LCEA was identified as a protective factor against eventual THA in 1 study. However, overall, it appears that practitioners can expect a decreased postoperative improvement in patients with an increased preoperative LCEA and decreased acetabular index (extrusion), both indicators of pincer-type FAI. Combined acetabular overcoverage with protrusion will not exhibit the same degree of improvement compared with hips without protrusion. 7 These findings may be related to procedural technical difficulties or differing patterns of labral damage. 8 Acetabular microfracture for chondral defects in the setting of FAI has generally led to positive outcomes. 38 We identified 3 studies that reported it as a risk factor for eventual conversion to THA, a finding that has been previously documented. 23 Similar to reports on the knee, it has been theorized that this technique exposes the subchondral bone, and if formation fails, fragility and subchondral bone cysts can develop, accelerating degenerative changes. 2 In the microfracture studies that we identified, patients were older (mean age, 58 years) and had a decreased joint space (2 mm) with chondral defects (Outerbridge grade 4). These cofactors must be considered when interpreting these results of microfracture after hip arthroscopic surgery, as previous literature has reported their association with negative outcomes. 16 Therefore, it is possible that microfracture should be avoided in the setting of the older patient with degenerative changes. Finally, studies have documented superior outcomes with labral repair compared with labral debridement, which supports our findings. 32, 34 This review was primarily limited by the quality of reporting, varying levels of evidence, heterogeneity of variables assessed, and use of multiple PROMs across the included studies. Specifically, there was significant heterogeneity in the definition of "negative outcomes" after hip arthroscopic surgery. Definitions included conversion to THA/revision arthroscopic surgery, failure to achieve the SCB/MCID, failure to return to sport, and failure to achieve improvement on PROMs/radiographic findings. This heterogeneity in the definition of "negative outcomes" limits the generalizability of the findings of this systematic review and precluded the ability to perform a meta-analysis. Additionally, there were few reported MCIDs or SCBs for the PROMs used in the various definitions of "positive outcomes." This can limit the external validity of the positive predictors that did not include these measures. However, the studies in this review had high and good quality of evidence, indicating that the predictors identified in this review likely contribute to outcomes in some form. A secondary limitation is that not all studies reported a mean LCEA or alpha angle in their patient populations. As established in the literature, these radiographic parameters can confound postoperative results. Finally, we were unable to identify a clear cutoff for younger age as a predictor for negative outcomes. Future investigations should be undertaken to provide clarity for this predictor.
This systematic review successfully identified clinical, radiographic, and other operative predictors of positive and negative outcomes after hip arthroscopic surgery in the setting of FAI. Hip arthroscopic surgery for FAI necessitates a comprehensive selection of suitable patients to maximize favorable postoperative outcomes. Future studies, including a prospective evaluation of a large sample size of patients with an accepted and uniform definition of positive and negative outcomes, are warranted. The information from these studies could provide clinical guidelines for orthopaedic surgeons to use when assessing patients with FAI for hip arthroscopic surgery.
CONCLUSION
In patients with FAI, younger age, male sex, lower BMI (<24.5 kg/m 2 ), Tönnis grade 0, increased joint space and pain relief from preoperative intra-articular hip injections were significantly more likely to achieve positive outcomes after hip arthroscopic surgery. More specifically, pain relief from preoperative intra-articular hip injections, lower BMI (<24.5 kg/m 2 ), younger age, Tönnis grade 0, and increased joint space were positive predictors defined by an MCID or SCB. On the other hand, older age (>45 years), female sex, longer duration of preoperative pain symptoms (>8 months) elevated BMI, osteoarthritic changes, decreased joint space (2 mm), chondral defects, increased LCEA, and undergoing of labral debridement versus labral repair were associated with negative outcomes.
